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REDUCED NOISE MULTI-RIBBED POWER TRANSMISSION BELT 
Field of the Invention 

[0001] The invention relates to multi-ribbed power transmission belts designed to 

minimize noise while in operation. 
Background of the Invention 

[0002] Power transmission belts having a variety of groove and rib configurations are 

known. One such belt is a multi-ribbed belt. The multi-ribbed belts have a tension 
section, a load carrying section, and a compression section. Multi-ribbed belts may also 
be provided with transverse grooves; such transverse grooves extending either traverse to 
the belt or at an angle relative to the traverse direction of the belt. The longitudinal and 
transverse grooves are located in the compression section. Such belts are known as 
cogged multi-ribbed belts, examples of which are disclosed in US Patents 4,002,082 and 
5,382,198. Cogged multi-ribbed belts exhibit improved flexibility and longer life. 

[0003] However, cogged multi-ribbed belts create more noise due to a non-continuous 

rib entering and exiting the grooved pulley. Noise is generated when the tooth travels 
and presses into the pulley groove, compressing and displacing the air in the groove and 
noise is generated when the tooth exits the pulley groove as air rushes to fill the now 
empty pulley groove. Furthermore, there are harmonic noise spikes generated by the 
cogs at the cog engagement frequency. 

[0004] Two methods are known to reduce the noise of a cogged multi-ribbed belt. The 

first is to incline the transverse grooves at an angle relative to the transverse direction. 
This reduces the overall noise level but the harmonic noise spikes are often still 
objectionable. 

[0005] The second is to vary the pitch of the cogs with a repeating pitch pattern, as 

disclosed by US Patents 4,262,314 and 4,832,670. US Patent 4,262,314 discloses a cog 
belt with reduced noise. The transverse groove depths, the groove angles, and the 
distance between the grooves are varied. Similar to US Patent 4,262,3 14, US Patent 
4,832,670 also discloses multiple elements of the belt construction are varied 
simultaneously to produce a reduced noise belt. The belt is defined by a repeating 
sequence pattern along the length of the belt. For both belts, because of the number of 
variables that must be altered, construction of the belt may be more complex and costly. 
Also, the disclosed methods are less effective in reducing overall noise levels than 
inclining the transverse grooves and do not always eliminate the harmonic noise spikes. 



Summary of the Invention 
[0006] The present invention is directed to a power transmission belt having an inner 

surface comprising longitudinally extending grooves and transverse grooves. The 
transverse grooves are inclined at an angle less than 90° relative to the longitudinal 
direction of the belt and all the transverse grooves have the same groove depth. The 
transverse and longitudinal grooves form transverse rows of cogs on the belt inner 
surface. The rows of cogs have at least three different longitudinal lengths, and the rows 
of differing lengths are randomly arranged along the entire length of the belt. 
[0007] In one aspect of the invention, the belt has rows of cogs having three to six 

different longitudinal lengths. 
[0008] In another aspect of the invention, on the inner surface of the belt, no more than 

four longitudinally adjacent rows of cogs have the same longitudinal length. 
Brief Description of the Drawings 
[0009] The invention will be described by way of example and with reference to the 

accompanying drawings in which: 

FIG. 1 is a bottom plan view of a section of the belt of this invention; 
FIG. 2 is an enlarged view of the belt taken along the line 2-2 in FIG. 1. 
Detailed Description of the Invention 
[0010] The multi-ribbed power transmission belt 10 has a tension section 12, a load 

carrying section 14, and a compression section 16. The compression section has a 
plurality of longitudinal ribs 18 formed by parallel longitudinal grooves 19 and a 
plurality of parallel transverse grooves 20. The transverse grooves 20 are oriented at an 
angle a other than perpendicular to the longitudinal direction L. The combination of 
longitudinal grooves 19 and transverse grooves 20 form a plurality of cogs 21 on the belt 
surface, with a transverse cog row 22 being defined between adjacent transverse grooves 
20. 

[0011] The angle a of the transverse grooves 20 is from 20° to 85°. While the number of 

ribs shown in the drawings is six, it should be appreciated that a multi-ribbed 
transmission belt may contain anywhere from three upwards to thirty or more. The 
grooves 20 may be U shaped, V shaped, or V shaped with a rounded bottom or any other 
convenient shape. The depth c of all the transverse grooves 20 are the same and the 
depth r of all the longitudinal grooves 19; however, the depth c of the transverse grooves 
20 can be the same or different from the depth r of the longitudinal grooves 19. The 



depth r of the longitudinal grooves 19 is generally greater than the depth c of the 
transverse grooves 20 but not so deep as to cut into the longitudinal reinforcing cords 24. 

[0012] Each transverse cog row 22 has a longitudinal length P extending from a location 

on the cog 21 to the identical location on the longitudinally adjacent cog 21; the 
determining location, as seen in FIG. 1, is best selected to be a corner edge adjacent to 
the transverse groove 20. In accordance with the invention, the longitudinal length P of 
adjacent cog rows 22 may not have the same length P. In the illustrated belt, the belt has 
three discrete different longitudinal lengths, Pi, P 2 , and P 3 . 

[0013] Typical normalized length ratios of lengths of the small, medium and large 

lengths useful in the belt 10 include 9-10-11, 11-13-15, 5-6-7, 9-11-13, 7-9-11, 9-10-12, 
6-7-9, and 4-7-10. While these ratios are only for three differing normalized longitudinal 
lengths, it is within the scope of the present invention to utilize three to six different 
longitudinal lengths. The total number of longitudinal lengths, P n , for a particular belt 
would be limited by the belt size and the complexity of the mold required to form the 
belt. 

Because the multi-ribbed belt 10 is driven about its associated grooved pulleys 
due to the friction interaction between the pulley grooves and the sides of the 
longitudinal ribs 18, the sequencing of the different longitudinal lengths Pi, P 2 , P3 need 
not be limited to a repeating defined period. The longitudinal lengths along the entire 
length of the belt may be randomized. 

[0014] One exemplary sequencing pattern for a belt, using three discrete pitch lengths is: 

333212323211211212313312221312131112332223211 
333212323321221132123113123211312233311332311 
122321121332333223311321221132233312211123231 
112122331132133231332321231311212123323331121 
232222332113232312212131111321213323212123212 
2311131313233211231223233 3. 

[0015] The only limitation in sequencing of the pitch lengths is a limitation on the 

number of adjacent similar pitch lengths. If too many cogs rows 22 having an identical 
pitch length are adjacent, then the desired reduction in noise may not be achieved. 
Additionally, if too many cog rows 22 having a small pitch length are adjacent, 



durability issues may arise. No more than six, preferably four, identical longitudinal 
length cog rows 22 should be adjacent to one another. 
[0016] To determine the actual longitudinal length of the cog rows 22, the following 

equation is used: 

((length ratio number)*(belt length))/(total normalized length for sequence). 

For example, using the sequence listed above and the ratio combination of 4-7-10, the 

total normalized length for the sequence is 1760. The total normalized length is achieved 

by substituting the ratio length number (i.e., 4, 7, or 10) for the sequence length (i.e. 1, 2, 

or 3) and than adding up the length numbers for the entire sequence. For a belt length of 

222.60 cm (87.6 inches), and using the sequence above, the longitudinal lengths are: 

small length Pi: (4*222. 6)/ 1760 = 0.506cm 

medium length P 2 : (7*222.6)/1760 = 0.885 cm 

large length P 3 : (10*222.6)/1760 = 1.265 cm. 

[0017] A second pitch sequence using three pitch lengths is: 

211113212312211323212132323313322211212231332131 
211311321113123331321333233122333122121212221332 
311331221132221221313311331223131113312121123233 
22321232111332232112132233332113 1123223332121221 
321112133122312332211233211233323332131213323112 
11222331221123133323312111322211231332133212332 

For this second pitch sequence, using a ratio combination of 4-7-10, the 
normalized length is 2016. For a belt length of 2560 mm, the longitudinal lengths are: 
small length Pi: (4*256.0)/2016=. 508 cm 
medium length P 2 : (7*256.0)/2016=.888 cm 
large length P 3 : (10*256.0)/2016=1.270 cm 
The belt of this invention is illustrated in the drawings as being elastomeric. The 
elastomers may be any one of those known to be suitable for use In such belts, e.g., 
polychloroprene, polyurethane, NBR, IIR, IR, SBR, CSM, EPDM, other thermosets, 
thermoplastic elastomers and other polymer alloys. 

The load carrying section 14 of this belt can be made of any suitable material and 
used in any suitable technique known in the art. Preferably, the load carrying section 14 
is made of a helically wound load carrying cord 24 having individual turns thereof 
arranged in substantially equally spaced relation across the belt body. These cords may 



be made from glass fibers, aramid fibers, carbon fibers, steel, polyester, high tenacity 
rayon, or polyaramide. 

[0021] The preferred method of manufacturing the belt of this invention is to build the 

belt inverted on a rigid mandrel of the proper diameter. A layer of tension stock is first 
applied to the mandrel followed by the helical windings of the reinforcing cord 24. Then 
a layer of cushion stock is applied over the reinforcing cord 24. The angular grooves 20 
are molded into the product at the time of cure by means of a flexible diaphragm having 
the helical pattern opposite that of the grooves placed around the cushion stock and 
compressed against the product by steam pressure, air pressure, or other means. 
Following the curing process, the longitudinal grooves are then formed in the 
conventional manner by machining, grinding, etc. 

[0022] By pitching the cogged belt 10 in the manner disclosed in the present invention, 

the noise spikes at the harmonic frequency are reduced as well as the overall noise of the 
belt 10. 



